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This volume is submitted in horizontal format with facing page explanations to facilitate direct usi 
by the Space Station Program and contractors for the OTV accommodations functional requirements and the 
supporting analyses, sequences, and recommendations in the main volume and separate appendices. 
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In July 1984, Martin Marietta, Denver Aerospace Division, was awarded a Phase A Contract from 
NASA/MSFC (Contract No. NAS8-36108) for an Orbital Transfer Vehicle Concept Definition and System Analysis 
Study. The contract period-of-performance was 15 months, from July 1984 to October 1985. 
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1.3 STUDY METHODOLOGY 
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2.3 RELATED TRADE STUDIES AND ANALYSES 
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2.4 OTV SPACE-BASING DESIGN CRITERIA AND GUIDELINES (Continued) 
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2.4 OTV SPACE-BASING DESIGN CRITERIA AND GUIDELINES (Continued) 
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DESIGN CRITERIA AND GUIDELINES (CONT.) 
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2.4 OTV SPACE-BASING DESIGN CRITERIA AND GUIDELINES (Continued) 
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DESIGN CRITERIA AND GUIDELINES (CONT.) 
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.2.4 OTV SPACE-BASING DESIGN CRITERIA AND GUIDELINES (Continued) 
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2.4 OTV SPACE-BASING DESIGN CRITERIA AND GUIDELINES (Continued) 
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2.4 PTV SPACE BASING DESIGN CRITERIA AND GUIDELINES (CONCLUDED) 
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3.1 SPACE-BASED OTV FAMILY - REV. 7 MISSION MODEL 
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spares, there is commonality between the engines and avionics for the two stage sizes • Obviously, there 
Is no commonality between the main propellant tanks of the two stages, requiring the onorbit storage of 
four different tank sizes. Not so obviously, the 44 foot aerobrakes are not the same. The lunar delivery 
brake is heavier than the manned servicing brake, which in turn is heavier than the nominal delivery 
brake. Consequently, three different aerobrakes must be stored onorbit. 
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3.1.1 CRYOGENIC SPACE-BASED OTV FAMILY - REVISION 7 MISSION MODEL 
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3.1.1 RESULTANT CRYOGENIC SPACE-BASED OTV FAMILY - REVISION 8 MISSION MODEL 
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3.1.1 CRYOGENIC SPACE-BASED OTV FAMILY - SUBSYSTEM AND SERVICING LOCATIONS 
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3.1.1 CRYOGENIC SPACE-BASED OTV FAMILY - SUBSYSTEM AND SERVICING LOCATIONS (Continued) 
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3.1.1 CRYOGENIC SPACE-BASED OTV FAMILY - SUBSYSTEM AND SERVICING LOCATIONS (Continued) 
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3.1.1 CRYOGENIC SPACE-BASED OTV FAMILY - SUBSYSTEM AND SERVICING LOCATIONS (Continued) 
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3.1.2 STORABLE SPACE-BASED OTV FAMILY - REVISION 7 MISSION MODEL 
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3.1.2 STORABLE SPACE-BASED OTV FAMILY - SUBSYSTEM AND SERVICING LOCATIONS (Continued) 
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3.1.2 STORABLE SPACE BASED OTV FAMILY - STORABLE OTV CONSIDERATIONS 
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3.1.3 SPACE-BASED OTV MISSION MODEL - REVISION 8 COMPOSITION SUMMARY 
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3.1.3 SPACE-BASED OTV MISSION MODEL - REVISION 8 NOMINAL MODEL 
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3.1.3 SPACE-BASED OTV MISSION MODEL - REVISION 8 LOW MODEL 
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3.2.1 SPACE BASED OTV REQUIREMENTS DEFINITION OVERVIEW 
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3.2.1 SPACE-BASED OTV REQUIREMENTS DEFINITION OVERVIEW - 
OTV SPACE STATION ACCOMMODATIONS ASSUMPTIONS AND GROUND RULES 
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3.2.2 KEY SPACE BASED OTV REQUIREMENTS ASSESSMENT 
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3.2.3 KEY SPACE STATION BASIC ACCOMMODATION PARAMETERS 
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To minimize removal/replacement operations and still provide assurance of the operational integrity of 
the OTV, the Space Station must provide nondestructure inspection systems and sensors. Such systems 
envisioned include an acousto-optical system for crack detection, an exo-electron emission system for 
fatigue (microcrack) detection, a radiation collection system for measuring surface wear, and a laser 
holography system for detecting leaks in a vacuum. 
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3. 2. 4. 1.1 SPACE-BASED OTV MISSION OPERATIONS ANALYSES - REVISION 7 MISSION MODEL 
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182 hours ET (Elapsed Time), while for cryos the point was 155 hours ET. Repeating, the storable 
model did not include lunar delivery, resulting in a longer allowable turnaround time. 
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3.2.4. 1.2 SPACE BASED OTV PROPELLANT TANK FARM ANALYSIS SUMMARY 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 1) 
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OTV SERVICING / MAINTENANCE FACILITY 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 2) 
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OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 2) 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 2) 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 2) 
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OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 2) 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 3) 
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OTV SERVICING /MAINTENANCE FACILITY (CONCEPT 3) 
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3. 2. 4. 1.3 HANGAR AND BERTHING REQUIREMENTS - OTV SERVICING/MAINTENANCE FACILITY (CONCEPT 3) 
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3. 2.4. 1.3 HANGAR AND BERTHING REQUIREMENTS - SPACE STATION FOC HANGAR LOCATION 
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3. 2. 4. 1.4 SPACE STATION CREW LIMITATIONS 
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3. 2. 4. 1.5 PRESSURIZED MAINTENANCE AREA REQURIEMENTS 
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PRESSURIZED MAINTENANCE AREA REQUIREMENTS 
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3 . 2 . 4. 2 SPACE STATION/SPACE BASED OTV FUNCTIONAL FLOW OVERVIEW 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - INITIAL DELIVERY 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - INITIAL ASSEMBLY (SIDE VIEW) 
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SBOTV INITIAL ASSEMBLY (SIDE VIEW) 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - INITIAL ASSEMBLY (END VIEW) 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - INITIAL ASSEMBLY CHECKOUT 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS (CONTINUED) 
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SBOTV/SPACE STATION FUNCTIONAL 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS (CONTINUED) 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - HANGAR UMBILICAL CONCEPTS 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - PAYLOAD/OMV/SBOTV MATING AND CHECKOUT 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS (CONTINUED) 
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SBOTV/SPACE STATION FUNCTIONAL REQMTS (CONT.) 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - LAUNCH 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - RETRIEVAL & BERTHING 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - RETRIEVAL & BERTHING (CONTINUED) 
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3.2.5 SPACE STATION/SPACE-BASED OTV FUNCTIONAL REQUIREMENTS (CONTINUED) 
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SBOTV/SPACE STATION FUNCTIONAL REQUIREMENTS (CONTINUED) 
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3.2.5 SPACE STATION/ SPACE-BASED OTV FUNCTIONAL REQUIREMENTS - SERVICING & MAINTENANCE 




o 

° 2 

S-o 

a a 

s " 

d> d 
O 

d -h 

•H 4J • 
d fid a) 

° ?■? 

■8 8 0 
td « >> 

o 

60 09 C 
d <u <u 

83 9 

> > w 
n a d 

4) *H O 

a o 

•d 

O 00 
m a cd 
c/a d 
. o 


D cd o 
<U M 

a. 4J 
o oo 


^1- 



SBOTV SERVICING & MAINTENANCE 



MARTIN MARIETTA 





3.2.6 SPACE STATON/ SPACE-BASED OTV ACCOMMODATION REQUIREMENTS 
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SBOTV/SS ACCOMMODATION REQMTS (CONT.) 





















3.2.7 SPACE-BASED OTV COMPOSITE TIMELINES - NOMINAL MISSION MODEL REV 
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3.2.8 SPACE-BASED OTV SERVICE AND MAINTENANCE TIMELINE - LOW MISSION MODEL REV 
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3.3.1 SPACE-BASED OTV ACCOMMODATIONS DESIGN AND OPTIMIZATION OVERVIEW 
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3.3.1 SPACE-BASED OTV ACCOMMODATIONS DESIGN AND OPTIMIZATION-FOC SPACE STATION WITH SBOTV ACCOMMODATIONS 
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HANGAR CONFIGURATION - SBOTV HANGAR CROSS SECTION 
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3.3.3 BERTHING CONFIGURATION 
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3.3.4 PROPELLANT TANK FARM CONFIGURATION 


03 


e 

CO 0) 

'd > 
CO • H 
U CD O 
43 CO 


X> 

<U 


4) 4J 

CO 

CO 


4) 

•H 

4) 

43 

CO 

rH 

4-» 

d 

» 


o 

4-4 4) 

44 

•H 

M d 

<0 

44 

CO *H 

43 

CO 

rH 

44 

M 

o 


44 

Ml 

GO 

CM • 

4) 4) 

d 

O CO 

GO MM 

iH 

4) 

C0 CO 

M 

a; rH 

CM d 

iH 

a d 

co 

d 

4) X3 

GO H 

CT 43 o 

d 4-» 

4> 

44 g 





O 4-1 

co d 
mm co 


o o 


W 

*d a> d 
4J a co 
o 43 
d n 

O CM Q) 

s-s 5 

O «U <4-1 
43 O 
co a 
n a 
CO t 4 o 

•H S tH 
«H 4J 
d d a 
O «H 0) 
*4 0 CO 


CO O O 

^ 4J «H 
d Mm 
00 M «H 
•H CO O 

mm go a> 
d d a 


85 

65 

CO 4J 
M-l 


CO 


43 

X5 

4* 44 

4) 

d d 

44 

co 4> 

CO 

44 (3 

O 

Ml 

o 

44 4J 

r-H 

d *d 


co d 

4) 

rH d 

U 

rH 

c0 

4) r d 


CM d 

00 

O CO 

rH 

m 

CO 

CM 4) 

O 

X) 

•H 

T3 *H 

rH 

0) 00 

•H 

44 

43 


O GO 
a) d d 

rH O 
(UH il 

a co a 

dl-OH 
d (UH 
H 4J 4) 
CO P« 
O O 
O M 
H CM 


O CO 
u u 
u co 
d 

o a) 
u a 
co 
cm 
• co 
co 

d a) 
O 43 
•H 4-1 
44 

CO Mm 
H O 

<u 

o C 

GO ° 

M 43 

d 44 

CO -H 
4J t* 
O) 

T3 T3 
0) 

t3 44 

d co 
co O 
o 

>■» rH 
rH 

CM 4) 
P* rH 

d o 

CO CO 

4) d 

n o 

O 

GO 

d rH 
•H O 
(M M 
d 4-i 

T3 a 
_ o 
x) a 

4) 

44 > 

CO H 

a o 
o 

rH 4) 

43 

44 

rH 

<U 43 
00 GO 
•h d 
a o 

4) u 
U 43 

CM 44 


CNJ 



SBOTV PROPELLANT TANK FARM CONFIGURATION 


ORIGINAL PAGE IS 

oe poor quality: 



MARTOV MARIETTA 




3.3.5 LAUNCH CONFIGURATION 
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3.3.6 RETRIEVAL CONFIGURATION 
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3.3.7 SPACE CRANE END EFFECTOR 



> 

d 

oo 

*3 

4J 

4) 


4J 



r-l 

T3 

4) 

4) 

cd 

a) x: s: 


a; 

M 

M 

i— 1 

d 



cd 


d 44 

> 

a 

4) 

O 

<u 

4) 

4J 


•H 

M 

> 

M 

M 

CO 

M 

d 

M 


4) 

4) 

4) 

CD X* 

§ 

M 

U 

4) 

00 

00 

o 

O 

•H 

•H 

M 

d rH 

JC 

O 

cd 

cd 

M 

0> 

M 



CM 

00 

u 

M 

CM 

•H 

o 

O 

0) T) 

<M 

4-) 

X) 

<U T3 

4) 



0) 


<U 

M 

•H 



•H 

> 

0} 


3 

o 

,c 

• 

cr 

M 

4J 

M 

<u 

Q* 


M 

u 


*3 

Cd 


00 

0) X2 

4) 

M 

3 

o 

u 

d 

00 


cd 

•H 

•H 

4) 


O 

00 

00 

00 

m 

<U 

cd 

cd 



a u 

Q) 

oo e 

H d cd 
H *H CJ 

cd o 
3 cd 

M CM 

a 

0) 0) 


& 


o 

o 

a> 

& 


S M 
o a) 
,c a) 

CO 


u 

cd 

00 

a 

5 


O 

4J 

cd o 

M M 
O d 
M «M 

•a^ 

cd cd 

■u 

M 00 
CO 

•M 0) 
M 1-1 
t* O 

•H 
0) rC 

S 5! 


00 

r*- 



SBOTV SPACE CRANE END EFFECTOR 



AfA/?r//V AfA/7/£7TA 




3.3.8 SERVICING CONFIGURATION - SINGLE ROBOTIC ARM 
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3.3.8 SERVICING CONFIGURATION - DUAL ROBOTIC ARMS 
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3.3.8 SERVICING CONFIGURATION - ROBOTIC ARM SIMULATION 
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3.3.8 SERVICING CONFIGURATION - MAIN ENGINE CHANGEOUT 
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3.3.8 SERVICING CONFIGURATION - MAIN ENGINE REMOVE/REPLACE TIMELINE 
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3.3.8 SERVICING CONFIGURATION - SAMPLE REQUIREMENTS SHEET 
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3.3.8 SERVICING CONFIGURATION - AEROBRAKE CHANGEOUT 
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3.3.9 SUPPORT CREW ACCOMMODATIONS 
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3.3.10 FLEET ACCOMMODATION ADDITIONS 
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3.3.12 RECOMMENDED SPACE-BASED OTV DESIGN CHANGES - CRYOGENIC FLUID QUICK DISCONNECT 
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3.3.12 RECOMMENDED SPACE-BASED OTV DESIGN CHANGES - MAIN ENGINE MATE/DEMATE MECHANISM 
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3.3.12 RECOMMENDED SPACE-BASED OTV DESIGN CHANGES - MAIN ENGINE REMOVE/REPLACE FIXTURE 
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4.1 GROUND-BASED OTV ACCOMMODATIONS AT SPACE STATION OVERVIEW 
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4.2 GROUND-BASED OTV GROUND RULES 
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4.3 RESULTANT GROUND BASED OTV MISSION MODEL - COMPOSITION SUMMARY (REVISION 8) 
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4.3 RESULTANT GROUND-BASED OTV MISSION MODEL - NOMINAL MODEL SUMMARY (REVISION 8) 
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4.3 RESULTANT GROUND-BASED OTV MISSION MODEL - LOW MODEL SUMMARY (REVISION 8) 
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4.4 GROUND-BASED OTV BASIC ACCOMMODATION PARAMETERS 
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4.5 GROUND BASED OTV FUNCTIONAL FLOW OVERVIEW 
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V FUNCTIONAL FLOW - OVERVIEW 
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4.6 GROUND-BASED OTV/SPACE STATION FUNCTIONAL REQUIREMENTS (Continued) 
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4.6 GROUND-BASED OTV/SPACE STATION FUNCTIONAL REQUIREMENTS (Continued) 
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4.6 GROUND-BASED OTV/SPACE STATION FUNCTIONAL REQUIREMENTS (Continued) 
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4.6 GROUND-BASED OTV/SPACE STATION FUNCTIONAL REQUIREMENTS - AEROBRAKE DEMATING 




cd 

o 

§ 


o 

JOt 

s 


00 

<V 

ao 

4J 

cd 

B 

V 

TJ 

a) 

2 

0 

<u 

cd 

> 

H 

O 

<u 

CD 

cd 

PQ 

1 

X) 

a 

d 

o 

n 

o 

u 

o 


£ 

o 

0) 

QQ 

cd 

P3 

a) 

o 

ex 

C/Q 

0) 

4= 


4-i 4J 
CX CO 

v o 

CJ n 



^3- 

C\J 



GBOTV AEROBRAKE DEMATING 



MAFtTUM MARIETTA, 
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4.7 GROUND-BASED OTV/SPACE STATION ACCOMMODATION REQUIREMENTS 
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GROUND BASED OTV PRE- AND POSTMISSION PROCESSING TIMELINES - NOMINAL MISSION MODEL REV. 
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4.8 GROUND-BASED OTV PRE- AND POST MISSION PROCESSING TIMELINES - LOW MISSION MODEL REV 
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4.9 GROUND-BASED OTV ACCOMMODATIONS DESIGN AND OPTIMIZATION 
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4.10 GROUND BASED OTV FLEET ACCOMMODATION ADDITIONS 
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4.11 GROUND-BASED OTV ACCOMMODATION TECHNOLOGY REQUIREMENTS 
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4.12 RECOMMENDED GROUND-BASED OTV DESIGN CHANGES 
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RECOMMENDED GBOTV DESIGN CHANGES 
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5.2 INITIAL SPACE STATION REQUIREMENTS 
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5.2.5 INTERFACE PROVISIONS - HANGAR INTERFACE PROVISIONS 
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5.2.5 INTERFACE PROVISIONS - VEHICLE INTERFACE PROVISIONS 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - SPACE-BASED OTV TANK FARM POWER CONSUMPTION 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - CRYOGENIC TANK FARM POWER REQUIREMENTS 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - AVERAGE DAILY POWER CONSUMPTION-SPACE-BASED OTV/SPACE STATION 
ACCOMMODATIONS 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - SPACE-BASED OTV PEAK POWER CONSUMPTION BY PROCESSING FUNCTION 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - GROUND-BASED OTV TANK FARM POWER CONSUMPTION - ANNUAL (OPTIONAL) 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - GROUND-BASED OTV BERTHING POWER CONSUMPTION 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - AVERAGE DAILY POWER CONSUMPTION-GROUND-BASED OTV/SPACE STATION 
ACCOMMODATIONS 
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5.2.6 POWER CONSUMPTION REQUIREMENTS - GROUND-BASED OTV PEAK POWER CONSUMPTION 
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5.2.7 VOLUMETRIC REQUIREMENTS - SPACE-BASED OTV 




Vi 




CO 



T— t 

<D 



to 

>> 


OJ 

d 



43 

iH 

0) 


H 

a 

43 



o 

VI 



d 



• 




d 

0) 

•H 


o 

43 

Vi 


■H 

Vi 

d 


VI 


d 


to 

u 



V4 

o 



<u 

M-l 

<U 


T3 


T3 


•H 

VI 

<D 


CO 

to 

a> 

• 

d 

43 

d 

VI 

o 

VI 


d 

a 


Vi 

a> 


a; 

o 

a 

d 

N 

d 

0) 

So 

•h 


u 

•H 

d 

<u 

•H 

to 

00 

Vl 

d 


o 

o 

0§ 


<u 

T) 

d 
o 

•H 
4-1 

m 

4J 
CO 

0) 
o 
to 
a 

CO 
M 

o 

M-l CO 


a 4 

0) 

Vi 


<V CO O 
00 «H Vi 

to 35 

v a) 

O S^42 
V V V 
CO <D 
> <V4 
fl) -H O 

00 iH 

to a> m-i 
a 


Vi 

tO 

c 

3 

i-4 


TJ TO 

a> a> 

*T3 i— I 
•H ^5 

> a 

O 0) X 
Vl CO o 
CV CO CO 
tO 

0) <u 

Vi >>43 


d 

5 

4-1 

0) 
Vl , 

o 


to 

*H 

Vi 

V 


iH 


O 

CO 

d 

Vl 

M-l 

VI 

<4-1 

o 


d 


<4-1 

CO 

a> 

43 


VI 

a 

Vi 

T) 

d 

<u 

«rl 

<U 

d 

Vl 


CO 

o 


d nd 


o 

o 


cr 

di 

•> 

to 

0) 

VI 

CO 


Vl 

to 

<U 

0) 


•H 

00 

d 

> 

O 

to 

o 

H 

o 

4-1 

pH 

O 

CO 

CO 

tO 

to 

cO 

TJ 

X 

0) 

<U 


1— 1 

a 

00 

CO 

00 

3 

to 

•H 


rH 

« 


o 

O 

1 

<V 


> 

a> 

a 

4-1 


CJ 

0 


<u 

to 

i-H 

<u 

00 

cv 

O 

43 

CO 

co 

> 

VI 

Vl 




o 


O <U * 4-i 

H H H to 
Vl 00 0) 

V) d TJ VI 


o 

> 


. O CO 
CO a 43 
H 

vj d 
(0 o 

<U *H • 
00 CO vO 
00 CO o 
•H *H O 
4 0 M 


<r 

o 

CO 



SBOTV VOLUMETRIC REQUIREMENTS 


—l CT) 
2 §£ 


^ o a 


O 

UJ 00 

5 o 

< 3 ~ 00 

5oTl m 

2 i 


- O ^ 



O O 
io ^r 
o 

10 OC 

«- rsi 


rsi 

00 

O 

i0 


uo 

10 

O 

*— 


on 

o 

10 


r\T 

in 

vD 

rvT 

03 



10 

crT 




o 

o 

o 

rsj 

<J\ 

O 

10 


on 

UJ 

00 

00 

rsi 

O 

in 

rsi 

on 

o 


UNIT 

VOLUIV 

(FT3) 

O 

oo' 

in 

o 

GO 

in 

m 

fN 

CN 

no 

rsi 

00 






MARTIN MARIETTA 
























5.2.7 VOLUMETRIC REQUIREMENTS - GROUND-BASED OTV 
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5.3 POTENTIAL SPACE STATION EVOLUTIONARY IMPLEMENTATION PLAN 
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5.3.1 POTENTIAL SPACE STATION EVOLUTIONARY 
IMPLEMENTATION PLAN - SPACE-BASED OTV 
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5. 3. 1.1 SPACE-BASED OTV ACCOMMODATION ELEMENTS LISTING - ELEMENT #1 
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5. 3. 1.1 SPACE-BASED OTV ACCOMMODATION ELEMENTS LISTING - ELEMENT #4 
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7.0 SPACE STATION/OTV ACCOMMODATIONS RECOMMENDATIONS 
AREAS REQUIRING ADDITIONAL STUDY 
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8.1.1 CRYOGENIC PROPELLANT STORAGE-TRADE STUDY RESULTS 
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8.1.1 CRYOGENIC PROPELLANT STORAGE - THERMAL CONTROL GROUND RULES AND ASSUMPTIONS 
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8.1.1 CRYOGENIC PROPELLANT STORAGE - PROPELLANT TANK FARM SCHEMATIC 


CO 

•h 0 

42 V 
H 00 

>i i 

X t 

. O 
*0 

rH 0) 

00 4) 4* I 
«H iH H 

0 *0 

• 0 • 
0) 00 T3 0 
QO O <D D 
0 P rH 60 
CX ”0 O >> 
>* O X 
QJ X O o 


0 4 ) 00 
0 > 0 
«h a 
0 0 
00 0 *0 
0 0 0 


CX 0 »H 


4-» a 0 M 

0 0 > 0 


M/ ^ H w 

oo a o hJ 

o 0 

erg § * 

a p 42 o 

0 H P 
0 >* I 

O 00 0 *0 


0 

00 4 : 

1 >» P 
* ^ 

o 

rl 0 *0 ' 
0 0 
POM 
0 0 «H 
.*0 0 
0 0 cr 

0 <H 0 

•Sg»i 

0 O *H 

44 T) 


0 

>> rH 
rH 43 
PU ^4 
4J 04 0 
0 0 0 
0 0 O 
> P, 
0 

0 42 0 


0 0 4d 
0 N 0 
>>•4 0 
*0 P 4-1 

0 0 

1 0 m 

p 0 0 
0 0 > 
43 P *H 
P 04 0 

O 

0O0 


o 

43 

5° 2 

P 43 0 

iH P 43 
0 . 44 

cr & 

0 O 43 
M H 4 
rH *H 
*0 <0 
rH 

0O0 

O P 44 
0 0 
0 O 

0 O «rl 
0 «H 0 
O 44 0 

•H 0 0 


04 

cr 

0 


0 

0 


O 


rH 

rH 

O 


43 

P 

P 

P 

iH 

> 

p 

S 

0* 

iH 

> 

rH 

P 


P 

04 

0 

rH 

rH 

44 


P 




P 

0 

C/5 

O 

O 

hH 


O 


P 

0 


43 

•H 

•rH 




*0 

0 

0 

0 

*0 

0 

O 



*0 

O 

0 

O 

0 

0 

P 

43 

43 

0 


0 

0 

43 

O 

P 



0 


0 

O 

P 


> 

•H 


O 

O 

s 


0 

0 

P 

■H 

0 

2 

O 

O 

43 

• 

0 


0 

0 

1 


0 


| 

0 



0 


> 

P 

0 

0 

P 

P 

1— 1 


O 

rH 

O 

O 

0 

•H 

44 

0 

*0 


0 


O 

0 

0 

0 

04 



O 

P 

P 

0* 

•H 

0 

«H 


0 

P 

rH 


rH 

*0 

P 

*0 

0 

> 

CO 

*0 

0 

P 

0 


s 

P 


43 

P 

0 

04 

rH 


04 







iH 

O 

P 

00 

*0 

0 

0 

0 

P 

0 

P 


iH 

• 

iH 

0 

0 

0 

P 


2 

0 


0 

0 

rH 

0 

P 



0 


M 

X! 

*0 

O 


0 

0 

0 

• 

43 

cr 

0 

O 

0 

0 

CO 

0 

0 

0 

> 

0 

O 

0 

0 

*0 

O 

0 

2 

*0 

P 

■H 

5 

O 

43 

«H 

p 


iH 

0 

0 

H 

0 


P 

•H 

0 

rH 

> 

0 

0 


rH 

0 


O 

43 

0 

0 


P 


O 

P 

0 

O 

P 

0 

O 



P 

*0 


43 

0 

X 

0 

44 

O 

>» 

0 

0 



0 

P 

04 

0 


0 

*0 

0 

0 

04 

0 

P 

0 



0 

P 

O 

0 

0 

44 

«H 

0 


0 

0 


0 

2 

0 

rH 


0 


*0 

0 

0< 

iH 

iH 

O 

42 

M 

rH 


0 

P 

0 

0 

p 

> 


0 


a a 
0 0 *0 
000 


O P 

43 

0 

rH 

43 

0 

04 • 

rH 

•H 



0 

P 


rH 

0 

•H 04 


0 

•H 

P 

44 

P 0 P 

rH 

rH 

•t 

2 


0 


rH 

9 

p 

44 


0 



O > 0 

«rl 

«rl 

*0 

43 

>1 

O 

• 

•H 

p 0 

0 4*2 

3 

p 

> 

0 

P 

0 0 

44 

O 

0 

P 

rH 

O 

00 

& 

0 0 

a 0 

0 

0 

0 

O 

O 

P *0 P 


0 

0 


rH 

rH 

0 


2 

0 0 

p 

04 




P 0 

P 

44 

0 

P 

0 


•H 


0 > 

43 p 


0 

0 

0 

> 

0 0 rH 

0 


0 

0 

O 

0 

rH 

P 

p 

0 

0 

> 

0 

O 

H 

O 0 

0 

0 

P 

*0 

«H 

iH 

O 

iH 

0 0 

0 *0 



00 -n 

O 

O *0 P 

> 


O- 

0 

P 


O 

rH 

0 43 

0 

43 

*0 

O 

0 


•H «p4 

1 


B 

0 

2 

P 

O 

iH 

rH P 

P 0 

00 

0 

P 

rH 

0 

>% 0 43 

O 

*0 

O 


-0 

0 

43 

O 

rH 

0 

0 

0 

*0 

0 

43 

P O* P 

0 

0 

O 

0 

0 

rH 

0 

0 

0 44 

44 rH 

0 


>> 

04 

P 

iH tH O 


P 


0 

•H 

O 

0 

44 

0k 44 

0 0 

p 

P 

43 

O 


rH rH 

0 

0 

•4 

P 

*0 

O 



O O 

0 B 

43 

0 


P 

O 

•H 0 43 

P ^ 

0 

0 

X 

44 

M 

P 

0 P 

p 

00 

0 

04 

P 

O00 

P 

0 

OO 

P 


O 

04 *0 

P 0 


0 

0 



0 43 


•0 

0 

0 

0 

0 


P 

0 

P 43 

*0 

0 

O 

0 

*0 

04 P 0 

op 

0 

i-4 

04 iH 

0 

0 


0 43 

P 

0 43 

0 

0 

0 

0 

0 

O0 rH 

0 



0 

•4 

43 0 

*0 

0 

O 

0 


P 

P 0 P 

«rl 


P 


0 

0 

P 

0 

P 


•dfc* 

0OO 


o 

iH *0 
44 0 
04 P 
0 O 

0 44 
0 

0 

•H *0 • 

0 0 
0 0 44 
P 0 
0 *0 •»"> 

43 0 1 

44 0 O 
0 44 

0 0 0 
U P iH 

0 a 0 
•p 0 0 

0 O P 


^ cr o 
p 0 <44 
0 p p 


00 0 

0 > *0 I 
«H 0 0 

X > 0 

•H O 
0 43 *0 
•H 

*0 * 0 
0 0 cr 

0 iH «H 
43 rH 
P 44 
0 00 < 
IP 00 0 
0 0 iH 1 
> 0 iH 0 1 
0 >> O < 
P M4 a 
P iH 0 
P iH 
P 0 


rH 0 H 0 


> 43 O 00 
I P 0 
O P «H 
0 0OO 
•H 0 
0 * *0 
43 *0 >» 0 
P 0 P P 


5 'Jit* 

P 0 0 

0 0 O P W 

N *H P 0 0 

•H 0 > 

P *0 0 0 
0 00 iH 0 0 
0 0 0 0 > 
03 *H cr 3 


0 P 4 
P 0 rH 0 

a 0 00 0 

>000 
0 0 *H 0 

0 P 0^3 

OO0OO 
0 <44 O O 

0 • ^0 < 

00 *0 *0 
O 0 rH 0 
44 0 0 • 

0 0 O P 0 

0 O0O 
P P «H 

p Q op <p p 

a 0 0 0 *h 


0 

O 


0 

*0 


43 

00 


2 


43 

•H 

0 

O 


p 

2 

O 

•H 


O 

1-4 

0 

0 

0 

0 

P 

0 

0 

43 


P 

rH 


O 

0 


43 

iH 


O 

0 

a 

iH 

43 

P 

iH 

■H 

>* 

O 


• 


0 

0 

43 

43 



44 

0 

4i 

04 

0 


P 

0 


> 

p 


P 

0 

00 

a 

43 

0 

H 

• 

p 

44 

O 


CO 

0 

*0 


0 

P 


0 

*0 

0 

0 

0 

•H 

P 

0 


0 

0 

0 

•H 

P 


>. 

0 

0 

> 

O 

>* 


0 

0 

O 

•H 

P 




• 

9 


> 

0 

0 

*0 

rH 

•H 


04 

P 

0 

a 

•H 

iH 

rH 


43 

0 

• 

•H 

> 

P 

0 

0 

43 

O 

P 


P 

0 

iH 

43 

P 

O 

P 

O 

P 

00 

43 

a 

v-/ 

0 

O 

*0 

*0 

H 

a 

P 

P 

O 

> 

O 

H 

0 

•H 

•H 

O 

O 

0 

H 

0 


p 

CP 


0 


5 

O 

O 

0 


O 


44 

44 

*0 

O 


O 


p 

M 

Cu 


0 

0 


0 

P 

04 


0 

rH 


p 

44 

0 

43 

*0 

P 


0 

0 



•H 

P 


43 

43 

0 

0 

43 

0 


0 

0 

O 

0 

0 

43 


ts 

0 

O 


43 

P 


p 

P 

> 

iH 

P 

> 


04 

0 

O 

0 

0 

P 


0 

P 

P 


H 

0 


of the vane. Although an open capillary device in a large cryogenic tank is still unproven technology, 
our preliminary analysis presented in the 2nd quarter review indicates the concept is feasible. 
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8.1.1 CYROGENIC PROPELLANT STORAGE - SPACE-BASED LIQUID NO- VENT FILL 
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8.1.1 CRYOGENIC PROPELLANT STORAGE - 
PERFORMANCE OF 100 MLB RESISTO-JET: CHAMBER PRESSURE - 2 ATM 
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8.1.1 CRYOGENIC PROPELLANT STORAGE - PARA TO ORTHO TVS/VCS CONVERTER 
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8.1.1 CRYOGENIC PROPELLANT STORAGE - STORAGE TEMPERATURE SENSITIVITY TO ALTITUDE, SOLAR ABSORPTION 
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8.1.2 STORABLE PROPELLANT STORAGE - PROPELLANT FARM ANALYSIS 
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8.1.2 STORABLE PROPELLANT STORAGE - MMH/N204 PROPELLANT SCRUBBER SYSTEM 
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8.1.2 STORABLE PROPELLANT STORAGE - COMPRESSION TEMPERATURE VS PRESSURE 
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8.1.2 STORABLE PROPELLANT STORAGE - THERMAL CONTROL HEATER REQUIREMENTS 
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8.1.2 STORABLE PROPELLANT STORAGE - POWER REQUIREMENTS 
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8.1.2 STORABLE PROPELLANT STORAGE - THERMAL CONTROL/HEAT PIPE PERFORMANCE 
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8.1.3 PROPELLANT STORAGE SUPPORTING DATA - LOW-G FLUID MANAGEMENT 
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LOW-G FLUID MANAGEMENT 
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8.1.3 PROPELLANT STORAGE SUPPORTING DATA - VANE TANK SELECTION 
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VANE TANK SELECTION 

• VANE TYPE SURFACE TENSION DEVICE FOR STORAGE TANKS 
SELECTED DUE TO LOW ACCELERATION LEVELS ON SPACE 
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8.1.3 PROPELLANT STORAGE SUPPORTING DATA - BOND NUMBER VS TANK RADIUS 
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8.2.1 CRYOGENIC PROPELLANT TANK FARM LOCATIONS RESULTS 
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8.2.2 STORABLE PROPELLANT TANK FARM LOCATION RESULTS 
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8.2.3 PROPELLANT TANK FARM LOCATION SUPPORTING DATA - FREE FLYER PROPELLANT STORAGE FARM 
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8.2.3 PROPELLANT TANK FARM LOCATION SUPPORTING DATA - 
OTV ORBITAL MANEUVERS: TRANSFER TO FREE FLYER TANK FARM 
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8.2.3 PROPELLANT TANK FARM LOCATION SUPPORTING DATA - SPACE STATION/ TETHER CONFIGURATION 


d 

oo o 

00 *H -H 

* d 

4J 

u w cn 

o. 

4> £ <U 

o o 

d bO Cd 
odd, 
o *h w 

r— I 

/-n -y 0) 

^ yd 

05 <D 4J 

O ® • 

H * T3 
vH O « 
<UH ^ 

>> a <u v 

y ’Md'd 

•H »H 

H fljT) ffl 
•H *3 4) d 
O <H S-i O 
CD > 0) O 

E&« OjC 
m y <u 
oo a* a) u 

•HO > 

h yfc 
4) 05 © 

3 d 

My oa H O 
V aa «H 

* §i!3 

rH 4J U 

cd My 3 
yj o to oo 

«H & -H 
d M O My 
H <U X d 
o y ffl o 
d o 
•3 4) yj 
d o p i 

u cd o 

ID 5)dH 
dd o 4) 

4-14-1 

a> a> 


•*03 • <D 

to d y > 
a) y <u o 
d oo«d 
cd d My cd 
Jy a> 

WHO/2 

o y» 
C2 U O O 
o 4)00 d 
•H JS 

y y «y * 
d 4) o y 

CJ 4J U 

o u cd 

HH 4)d 

{d-d o 

o a m 

00 *H O 4-4 
cd 4J x 
M P< 4) 4) 

o o x d 

4J 4-1 


4J O <u d 

d M o 

yj 03 cd 

n 6 

O 00 00 3 

o. cd u o 
a <u jd 
3 T) d m 

to a) a 

ft 3 ; 
o o d d 
H ^ 

3 *3 ** 

> d y 
a> o d 

^ dd 


*d* 

CVJ 

«d- 



SPACE STATION/TETHER CONFIGURATION 







8.2.3 PROPELLANT TANK FARM LOCATION SUPPORTING DATA - 
OTV ORBITAL MANEUVERS: TRANSFER TO TETHERED ORBITAL REFUELING FACILITY (TORF) 
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